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PARTS MOUNTING METHOD AND PARTS MOUNTING APPARATUS 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a parts mounting method and parts 
mounting apparatus, used for mounting electronic parts onto a board or the like. 

2. Description of the Related Art 

[0002] Conventionally, for mounting electronic parts such as semiconductor chips, 
piezoelectric devices, or the like, on a board such as a printed board, a positioning 
mechanism with high precision is necessary for mounting such electronic parts at 
predetermined positions on the board. 

[0003] Such a positioning mechanism is disclosed in Japanese Patent No. 
2,780,000 and another mechanism is disclosed in Japanese Patent No. 2,81 1,856. 
With the mechanism disclosed in Japanese Patent No. 2,780,000, two cameras take 
images of a specific mark from above and from below, respectively, so as to detect the 
offset between a workpiece and a board, and correction is performed for the relative 
movement amount between the workpiece and the board based upon the detected 
offset. On the other hand, Japanese Patent No. 2,81 1 ,856 discloses a method wherein 
cameras are inserted into a position on a line formed between the board and an 
electronic part for taking images upward and downward at the same time, i.e. a 
method wherein back-to-back cameras take images upward and downward at the same 
time. 

[0004] However, with the positioning mechanism disclosed in the Japanese Patent 
No. 2,780,000, an axial mechanism with highly-precise repeatability is necessary for 
moving the workpiece and the board, and furthermore, the offset between the 
workpiece and the board cannot be detected at the time of bonding. Furthermore, 
correction using the specific mark is performed for detecting the relative positional 
offset between the upper camera and the lower camera, and accordingly, the margin of 
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error with regard to the distance between the upper camera and the bonding unit due to 
thermal expansion or the like, and the margin of error with regard to distance between 
the lower camera and the bonding stage due to thermal effects or the like, cannot be 
detected, and consequently, there is a limit to the amount of improvement of precision 
that is available with regard to bonding. 

[0005] On the other hand, with the mechanism disclosed in Japanese Patent No. 
2,81 1,856, the back-to-back cameras are inserted into a position in alignment with the 
workpiece and the board so as to detect the offset therebetween, and accordingly, there 
is the need to retract the back-to-back cameras to one side from this position in the 
alignment at the time of bonding, so the positions of the workpiece and the board 
cannot be detected at the time of mounting. Furthermore, since the cameras have 
back-to-back fields of view, the cameras cannot have the same field of view in 
principle for taking an image of a single calibration mark, leading to the problem that 
the positioning of these two cameras requires a complex operation. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, the present invention provides a parts mounting method and a 
parts mounting apparatus, wherein highly-precise positioning can be made with a 
configuration employing a low-cost movement mechanism for moving parts, the 
positions of a head and a stage can be detected during mounting, and correction can be 
performed for the margin of error due to deformation of the head or stage, or the like. 
[0007] To this end, a parts mounting method, wherein a first part is suctioned by a 
suction head, and positioning is performed so as to mount the first part onto a second 
part held by a stage, comprises the following steps: preparing a first optical system 
with an optical axis directed toward the suction head from above, and a second optical 
system with an optical axis directed generally facing the optical axis of the first optical 
system, from below the stage; inserting the suction head between the first optical 
system and the second optical system so that the first optical system takes an image of 
a head reference mark provided to the suction head, which can be observed from 
above, and so that the second optical system takes an image of the first part suctioned 
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to the suction head; inserting the stage between the first optical system and the second 
optical system so that the first optical system takes an image of the second part held on 
the stage, and so that the second optical system takes an image of a stage reference 
mark provided to the stage, which can be observed from below; calculating the 
relative position between the first part and the suction head, and the relative position 
between the second part and the stage, based upon image information from the first 
and second optical systems; detecting the head reference mark and the stage reference 
mark by the first and second optical systems with the suction head and the stage being 
positioned at the mounting position, and performing positional correction for at least 
one of the suction head and stage so that the positions of the first part and the second 
part satisfy a predetermined relation using the detected positional information and the 
relative positional information; and performing mounting for the first part and the 
second part following the positional correction. 

[0008] Further, a parts mounting apparatus, for positioning and mounting a first 
part on a second part, comprises: a suction head, having a head reference mark which 
can be observed from above, for suctioning the first part at the lower end portion 
thereof; a stage, having a stage reference mark which can be observed from below, for 
holding a second part at the upper end thereof; a driving mechanism for relatively 
moving the suction head and the stage in the X, Y, Z, and 0 directions; a first optical 
system for taking images of the second part held by the stage, and the head reference 
mark, from above the suction head; a second optical system, disposed so as to 
generally face the first optical system with the optical axis thereof aligned with the 
optical axis of the first optical system, for taking images of the first part suctioned to 
the suction head, and the stage reference mark, from below the stage; a computation 
device for calculating the relative position between the first part and the suction head, 
and the relative position between the second part and the stage, based upon image 
information from the first and second optical systems; and a control device for 
performing positional correction for the suction head and the stage so that the 
positions of the first part and the second part satisfy a predetermined relation based 
upon above-described relative positional information and positional information from 
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the first and second optical systems detecting the head reference mark and stage 
reference mark with the suction head and stage being positioned at the mounting 
position. Such an apparatus allows the above parts mounting method to be carried out 
with a simple apparatus configuration. 

[0009] Description will now be made regarding an example of the parts mounting 
method. First of all, with the example, a first optical system and a second optical 
system are employed. Note that the optical system may include not only a camera 
main unit, but also may include mirrors or lenses, and furthermore, the optical system 
is not restricted to an optical system including a single camera, but rather, an 
arrangement may be made wherein two optical system include a single camera, or an 
arrangement may be made wherein an optical system includes multiple cameras. 
[0010] The first optical system is disposed above a suction head, facing 
downwards, and the second optical system is disposed below a stage, facing upwards. 
The first optical system and the second optical system are disposed facing one another 
with generally aligned optical axes, and in a known positional relation. With the first 
optical system and the second optical system facing one another with generally 
aligned optical axes, each optical system should be disposed so that the optical axis is 
in the range of the field of view of the other optical system. In the event that the size 
of one of a first part and a second part, which are to be mounted, is greater than the 
assumed viewing field, the first optical system and the second optical system should 
be integrally moved in the horizontal direction. 

[0011] Next, the suction head is inserted between the first optical system and the 
second optical system, so that the first optical system takes an image of a head 
reference mark which is provided to the suction head, and can be observed from 
above, and so that the second optical system takes an image of the first part suctioned 
to the suction head. The first optical system and the second optical system are 
disposed facing one another, with generally aligned axes, and accordingly, the relative 
position between the suction head and the first part can be obtained based upon the 
image data from these two optical systems. Note that the arrangement wherein the 
suction head is inserted between the first optical system and the second optical system 
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is not restricted to that wherein the first and second optical systems are fixed and the 
suction head is moved, but an arrangement may be made wherein the suction head is 
fixed, and the first and second optical systems are moved. 

[0012] Next, the stage is inserted between the first optical system and the second 
optical system, so that the first optical system takes an image of the second part held 
on the stage, and so that the second optical system takes an image of a stage reference 
mark which is provided to the stage and can be observed from below. In this case, the 
relative position between the stage and the second part can be obtained based upon the 
image data from these two optical systems in the same way as described above. Note 
that the arrangement wherein the stage is inserted between the first optical system and 
the second optical system is not restricted to that wherein the first and second optical 
systems are fixed and the stage is moved, but an arrangement may be made wherein 
the stage is fixed and the first and second optical systems are moved. 
[0013] Note that the step wherein the relative position between the suction head 
and the first part is obtained, and the step wherein the relative position between the 
stage and the second part is obtained, may be performed in any order. Furthermore, 
the head reference mark is preferably provided at a position as close as possible to the 
first part suctioned to the suction head, and the stage reference mark is preferably 
provided at a position as close as possible to the second part. Furthermore, in a case of 
taking images bf the first part and the second part, an arrangement may be made 
wherein alignment marks have been applied to these parts beforehand, or an 
arrangement may be made wherein the position of the part is detected by taking an 
image of a characterizing point (e.g., edge or the like) of the part. 
[0014] Next, the relative position between the first part and the suction head, and 
the relative position between the second part and the stage, are calculated based upon 
image information from the first optical system and the second optical system. That is 
to say, the position of the suction head (head reference mark) is detected based upon 
the image information from the first optical system, and the position of the first part is 
detected based upon the image information from the second optical system, whereby 
the relative position between the first part and the suction head can be calculated. 
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Furthermore, the position of the second part is detected based upon the image 
information from the first optical system, and the position of the stage (stage reference 
mark) is detected based upon the image information from the second optical system, 
whereby the relative position between the second part and the stage can be calculated. 
[0015] Next, positional correction is performed for the suction head and the stage 
so that the positions of the first part and the second part satisfy a predetermined 
relation based upon the above-described relative positional information and positional 
information from the first and second optical systems detecting the head reference 
mark and the stage reference mark with the suction head and the stage being 
positioned at the mounting position. Mounting is performed for the first part and the 
second part in this situation, and thus, mounting can be performed with the first part 
and the second part being positioned in a highly-precise manner without positional 
deviation one from another. 

[0016] With the parts mounting method according to the present invention, 
positional correction is performed during mounting while taking images of the 
reference marks provided to both the head and the stage, and accordingly, the axial 
mechanism only needs to have only sufficient positional resolution, and does not 
require highly-precise repeatability. Thus, a low-cost axial mechanism can be 
employed. Furthermore, the margin of error with regard to repeatability due to 
thermal expansion or lost motion can be corrected during mounting. As a result, the 
present invention can be applied even to mounting of electronic parts that require 
positional precision on the order of submicrons. 

[0017] There is no need to hold the first and second optical systems in a fixed 
positional relation at all times, but the positions of the first and second optical systems 
should satisfy a known relation at least while taking images. For example, an 
arrangement may be made wherein any of the optical systems are temporarily 
retracted at the time of inserting the head or the stage, following which the retracted 
optical system is returned. In this case, there is the need to employing a movement 
mechanism of the optical system having repeatability. 
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[0018] Furthermore, positioning can be performed while the first and second 
optical systems take images, so the offset between the first and second parts can be 
detected during mounting. Accordingly, even in the event that thermal deformation of 
the head or stage occurs due to heat from the heater at the time of bump-bonding 
process, for example, the thermal deformation is detected in real time so that 
positional correction is performed for the first and second parts, and thus, positioning 
can be performed with high precision even under heating. 

[0019] The head reference mark according to the present invention is not restricted 
to a particular type of mark such as a colored mark, a protrusion, a recessed portion, or 
the like, specifically provided to the suction head, but rather, a part of the head, such 
as the edge thereof, can be used as a head reference mark. In the same way, the stage 
reference mark according to the present invention is not restricted to a particular type 
of mark specifically provided to the stage, but rather, a part of the stage, such as the 
edge thereof, can be used as a stage reference mark. 

[0020] Note that the term "position" according to the present invention is generally 
used for the position in the X, Y, and Z directions, and the attitude in the G direction. 
Accordingly, the term "position" encompasses the attitude. 

[0021] The parts mounting method may further comprise a step wherein a single 
calibration mark, which can be observed from both above and below, is inserted 
between the first optical system and the second optical system so that both the first 
optical system and the second optical system take images of the calibration mark, 
thereby determining an offset of the optical axes of the first optical system and the 
second optical system. 

[0022] Even in the event that the first optical system and the second optical system 
have been adjusted beforehand so as to face one another with aligned optical axes in a 
precise manner, occurrence of the offset of the optical axes cannot be avoided due to 
passing of time or change in temperature, and furthermore, it is difficult to keep 
highly-precise positional resolution on the order of submicrons. Accordingly, with 
this arrangement, both the first optical system and the second optical system detect a 
single mark from the upper side and the lower side so as to obtain the offset of the 
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optical axes of both the optical systems, the relative position between the first part and 
the suction head and the relative position between the second part and the stage are 
calculated, and furthermore, positional correction is performed for the suction head 
and the stage, and accordingly addition of the margin of error does not occur, thereby 
enabling positioning with high precision. 

[0023] Note that while calibration should be preferably performed for each time of 
mounting in order to perform positioning with the highest precision, an arrangement 
may be made wherein calibration is performed once every predetermined number of 
times of mounting, or for once every predetermined time period. 
[0024] Also, the calibration mark may be provided to the suction head or the stage. 
While the calibration mark may be provided to a member other than the suction head 
and the stage, however, in this case, a movement mechanism is necessary for inserting 
and retracting this member, leading to complex configuration of the apparatus. 
Accordingly, with this arrangement, the calibration mark is provided to the suction 
head or the stage, and accordingly, there is no need to provide a member other than the 
head and stage for calibration, and thus the arrangement has the advantage of simple 
configuration. 

[0025] Note that there is a need to observe the calibration mark from the upper and 
lower optical systems at the same time. Accordingly, with the present arrangement, a 
vertical through hole provided to the suction head or the stage; however, a mark 
provided on a transparent member (e.g., glass plate), or the like, can be employed as a 
calibration mark. 

[0026] An arrangement is preferably employed wherein the first optical system 
and the second optical system are held in the fixed positional relation during the step 
wherein images of the head reference mark and the first part are taken, the step 
wherein images of the second part and the stage reference mark are taken, the step 
wherein positional correction is performed for at least one of the suction head and the 
stage, and the step wherein mounting is performed for the first part and the second 
part. That is to say, these optical systems are preferably held so that the offset of the 
optical axes of the optical systems does not occur during all the steps for positioning. 

-8- 

{00625664.1} 



[0027] As described above, with the present arrangement, positional detection is 
performed by the first and second optical systems facing one another, with the fixed 
relative position therebetween at all times, there is little influence of the margin of 
error due to the movement mechanism as compared with this arrangement, wherein 
the optical systems are separately moved, and thus, positioning can be performed with 
improved precision, and furthermore, there is no need to provide a highly-precise 
movement mechanism, 

[0028] The positional correction step for the suction head and the stage at the 
mounting position may include a step wherein the first and second optical systems 
continuously take images of the head reference mark and the stage reference mark 
while heating one or both of the suction head and the stage, with correction being 
performed with regard to the relative position between the suction head and the stage 
so that the positions of the first part and the second part satisfy predetermined relation 
based upon the above-described relative positional information. 
[0029] In this case, the offset between the marks corresponding to thermal 
deformation is continuously detected during mounting, and accordingly, even in the 
event that thermal deformation occurs, positional correction can be made in real time, 
and thus, mounting can be performed for the first part and the second part with high 
precision at all times. 

[0030] At least of the suction head and the stage may comprise a part-suction 
opening, a hollow portion which is provided behind a back side of the part-suction 
opening and communicates with the part-suction opening, a transparent member which 
closes the end opposite the part-suction opening of the hollow portion, where the part- 
suction opening can be observed from the back side, and an air suctioning path which 
is connected to the hollow portion, with at least one of the first optical system and the 
second optical system detecting the part-suction opening as a head reference mark or a 
stage reference mark through the transparent member. 

[0031] That is to say, the part-suction opening is provided for suctioning the first 
part or the second part, and is disposed at the position closest to that part. 
Accordingly, even in the event that thermal deformation of the suction head or the 
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stage occurs, the relative positional offset between the part and the head (or stage) is 
reduced to the minimal value. 

[0032] Furthermore, with this arrangement, the part-suction opening serving as a 
reference mark can be observed from the back side of the head (or stage) through the 
transparent member, and accordingly, the optical system can easily take images of the 
part-suction opening from the back side of the head (or stage) even during mounting. 
That is to say, precise position of the head (or stage) can be detected during mounting, 
thereby enabling positioning with high precision. 

[0033] Also, a heater may be fixed near the part-suction opening. In some cases, 
bonding is performed under heat and pressure at the time of mounting the first part and 
the second part. In this case, the heater is preferably provided at the position closest to 
the part, i.e., a position near the part-suction opening, and accordingly, heat is 
transmitted to the part with optimal efficiency, thereby improving bonding 
performance. 

[0034] Note that in a case of heating the head (or stage), distortion occurs in the 
image taken from the optical system due to wavering of surrounding air, leading to 
occurrence of margin of error. However, with the suction head or the stage having the 
previous configuration having a part-suction opening, although the hollow portion is 
heated by the heater, the hollow portion is subjected to reduction of pressure by air 
suctioning from the air suctioning path, and accordingly, the density of air is reduced, 
whereby occurrence of wavering of air is reduced. Thus, at the time of taking an 
image of the part-suction opening through the transparent member and the hollow 
portion, the margin of error due to the wavering of air is reduced, thereby obtaining 
precise image data. 

[0035] Further, the back face of the suction head or the stage is preferably 
mounted to the driving mechanism by a bracket including a hollow portion whereby 
the first or second optical system can be inserted for taking images of said part-suction 
opening through the transparent member. 

[0036] While the head (or stage) is driven in the X, Y, Z, and 6 directions by the 
driving mechanism, in the event that the head is supported by the driving mechanism 
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by a cantilever configuration, the back side of the transparent member is opened, and 
thus, layout of the camera, mirror, or the like, on the back side of the transparent 
member can be easily performed. However, deformation of the head can occur with 
the cantilever configuration due to the pressure applied at the time of bonding of the 
first part and the second part, leading to difficulty in high-precision bonding. On the 
other hand, in the case that the head is supported at the back side thereof by the 
driving mechanism or the like by a bracket, even in the event that the bracket is 
subjected to application of pressure, deformation of the bracket hardly occurs, thereby 
enabling bonding with high precision. However, it is difficult to dispose the camera or 
the like on the back side of the transparent member due to interference with the 
bracket. Accordingly, with this arrangement, the head is supported through a bracket 
having a hollow portion on the back side of the head, in particular, on the back side of 
the transparent member, and accordingly, interference does not occur between the 
camera and the bracket, whereby images of the part-suction opening can be easily 
taken, and also the head (or stage) can be supported by the driving mechanism in a 
stable manner. 

[0037] Note that the optical system according to the present invention 
encompasses not only a camera but also portions having functions wherein images are 
reflected toward the camera using mirrors or prisms. Accordingly, an arrangement 
may be made wherein only optical parts like mirrors, prisms or lens other than the 
camera are inserted into the hollow portion. 

[0038] Other features and advantages of the present invention will become 
apparent from the following description of embodiments of the invention which refers 
to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] Fig. 1 is a perspective view of a mounting apparatus employing a parts 
mounting method of a first embodiment according to the present invention; 
[0040] Fig. 2 is an enlarged view of a suction head and a stage of the mounting 
apparatus shown in Fig. 1 ; 
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[0041] Fig. 3 is a perspective view of the suction head and the stage shown in Fig. 

l; 

[0042] Figs. 4A through 4F are operational explanatory diagrams for describing a 

position-matching operation for the mounting apparatus shown in Fig. 1; 

[0043] Fig. 5 A through 5F are operational explanatory diagrams for describing 

another position-matching operation for the mounting apparatus shown in Fig. 1; 

[0044] Fig. 6 is a frontal view of a mounting apparatus employing a parts 

mounting method of a second embodiment according to the present invention; 

[0045] Fig. 7 is a cross-sectional view taken along line VII- VII in Fig. 6; 

[0046] Figs. 8 A and 8B are enlarged diagrams of the suction head of the mounting 

apparatus shown in Fig. 6, wherein Fig. 8A is an elevational view thereof, and Fig. 8B 

is a cross-sectional view taken along line VIII- VIII in Fig. 8A; 

[0047] Figs. 9A and 9B are enlarged diagrams illustrating a part-suction opening 

provided to the suction head as viewed from the back side, wherein Fig. 9A is an 

elevational view thereof, and Fig. 9B is a cross-sectional view taken along line IX-IX 

in Fig. 9A; 

[0048] Fig. 10 is a side view of a mounting apparatus of a third embodiment 
according to the present invention; 

[0049] Fig. 1 1 is an image taken by a camera having a field of view shown in Fig. 
10; 

[0050] Fig. 12 is a perspective view of a mounting apparatus of a fourth 
embodiment according to the present invention; 

[0051] Figs. 13 A through 13D are operational explanatory diagrams for describing 
the mounting apparatus shown in Fig. 12. 

[0052] Fig. 14 is a cross-sectional diagram which illustrates an optical device 
wherein mounting has been performed with the parts mounting method according to 
the present invention; and 

[0053] Fig. 1 5 is a perspective view of a laser diode used as the optical device in 
Fig. 14. 
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DESCRIPTION OF EMBODIMENTS OF THE INVENTION 
[0054] First Embodiment 

Figs. 1 through 3 illustrate a mounting apparatus employing a parts 
mounting method of a first embodiment according to the present invention. Here, an 
electronic part P and a board B are employed as a first part and a second part, 
respectively. The mounting apparatus of the present embodiment comprises a head 
unit la, a stage unit lb, first and second cameras 20 and 21, and a control device 25. 
[0055] The head unit 1 a includes a suction head 2 for suctioning the electronic part 
P, and driving mechanisms 7, 8, and 9 for driving the suction head 2 in the X, Y, and 
Z directions. As shown in Fig. 2, the suction head 2 includes an unshown vacuum 
suction device and a suction hole 3 connected to the vacuum suction device, wherein a 
part-suction opening 4 is provided for suctioning the electronic part P by forming an 
opening on the lower face at the tip of the suction hole 3. 

[0056] A head reference mark 5 is provided at a position on the upper face of the 
suction head 2, in particular, at a position generally corresponding to the part-suction 
opening 4. For serving as the head reference mark 5, an arrangement may be made 
wherein multiple dot-shaped marks are formed for detecting the repeatability in the 0 
direction as shown in Fig. 3. Furthermore, the head reference mark 5 may be formed 
in a directive shape (e.g., a rectangle or the like). 

[0057] On the other hand, the electronic part P also has an alignment mark PI 
corresponding to the reference mark 5. The alignment mark PI is not restricted to a 
specific mark such as a dot-shaped mark, but rather, an arrangement may be made 
wherein a characterizing feature such as the edge of the electronic part P is used as the 
alignment mark P 1 , 

[0058] The suction head 2 has a calibration mark 6 at the tip thereof (Fig. 2) for 
detecting the offset of the optical axes of the first camera 20 and the second camera 
21, described later. The calibration mark 6 can be detected from both the upper and 
lower directions, with the calibration mark being formed of a through hole in the 
vertical direction. 
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[0059] Note that an arrangement may be made wherein the suction head 2 includes 
heating means for heating the electronic part P. 

[0060] The suction head 2 is mounted on the X-axial driving mechanism 8 through 
the Z-axial driving mechanism 7, and furthermore, the X-axial driving mechanism 8 is 
connected to the Y-axial driving mechanism 9. Thus, the suction head 2 can be moved 
to any arbitrary position in the X-axial, Y-axial, and Z-axial directions. The suction 
head 2 can suction the electronic part P at an unshown supplying position, and can 
transport the electronic part P to the mounting position so as to mount the electronic 
part onto the board B. 

[0061] The stage unit lb includes a stage 1 1 for holding the board B, and driving 
mechanisms 15, 16, and 17 for driving the stage 1 1 in the X, Y, and 0 directions. As 
shown in Fig. 2, the stage 1 1 also includes a suction hole 12 connected to an unshown 
vacuum suction device, and a part-suction opening 13 in the form of an opening 
formed on the upper face at the end of the suction hole 12 for suctioning and holding 
the board B. A stage reference mark 14 is provided on the lower face of the stage 11, 
in particular, at the back position generally opposite to the part-suction opening 13. 
For serving as the reference mark 14, an arrangement may be made wherein multiple 
dot-shaped marks are formed as shown in Fig. 3, or an arrangement may be made 
wherein a mark is formed in a directive form (e.g., rectangle or the like), in the same 
way as with the head reference mark 5. Furthermore, an alignment mark Bl is 
provided on the board B corresponding to the reference mark 14, as well. 
[0062] Note that heating means may be provided to the stage 1 1 for heating the 
board B. 

[0063] The stage 1 1 is mounted on the X-axial driving mechanism 15, wherein the 
two end portions thereof are respectively connected to the Yl -axial driving 
mechanism 16 and the Y2-axial driving mechanism 17 through hinges or the like. The 
Yl -axial driving mechanism 16 and the Y2-axial driving mechanism 17 are movable 
independently from one another, whereby the stage 1 1 can be adjusted with regard to 
angle in the 9 direction. Thus, the stage 1 1 can be moved to any arbitrary position in 
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the X, Y, and 8 directions. The stage 1 1 has functions for receiving the board B at an 
unshown supplying position, and transporting the board B to the mounting position. 
[0064] The first camera 20 and the second camera 21 are mounted above the 
suction head 2 and below the stage 11, respectively. The cameras 20 and 21 face one 
another with the optical axes thereof generally matching one another, and the relative 
positions thereof are held by a suitable positioning arrangement 22 such as a motor 
axis so that the cameras are not relatively moved. Note that, while both the cameras 
preferably include autofocus functions, an arrangement may be made instead wherein 
both the camera 20 and 21 can be moved in the Z axis direction, making the autofocus 
functions unnecessary. In order to detect any offset of the optical axes of the first 
camera 20 and the second camera 21, the calibration mark 6 provided to the suction 
head 2 is used. Note that an opening or mark formed on the stage 1 1 could also be 
used as a calibration mark, or a member other than the suction head 2 and the stage 1 1 
could be used as a calibration mark. 

[0065] The control device 25 acquires image data from the first camera 20 and the 
second camera 21. From the acquired image data, the control device computes the 
offset of the optical axes of the first camera 20 and the second camera 21, the position 
(attitude) of the electronic part P, the position (attitude) of the board B, the relative 
position (attitude) between the head reference mark 5 and the electronic part P, the 
relative position (attitude) between the stage reference mark 14 and the board B, and 
the like, stores the calculated results, and controls the driving mechanisms 7, 8, 9, 15, 
16, and 17. 

[0066] Here, description will be made regarding an example of the operation of 
the mounting apparatus having the above-described configuration with reference to 
Figs. 4A through 4F. Fig. 4A shows calibration processing for the first camera 20 and 
the second camera 21. First of all, the tip of the suction head 2 is inserted between the 
first camera 20 and the second camera 21, disposed at the mounting positions, and 
images of the calibration mark 6 provided to the suction head 2 are taken by both the 
cameras 20 and 21 so as to obtain the offset of the optical axes of the cameras 20 and 
21. The offset of the optical axes is used for calculating the relative position between 
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the electronic part P and the suction head 2, for calculating the relative position 
between the board B and the stage 1 1, for performing correction of the positions of the 
suction head 2 and the stage 11, and the like, described later. Fig. 4B shows the state 
wherein the electronic part P suctioned by the suction head 2 is inserted to a position 
between the cameras 20 and 21, i.e., the mounting position. Fig. 4C shows the state 
wherein the suction head 2 is moved downwards to a mounting level, wherein the first 
camera 20 detects the head reference mark 5, and the second camera 21 detects the 
electronic part P (alignment mark PI). Subsequently, the position (attitude) of the 
electronic part P and the relative position (attitude) between the electronic part P and 
the suction head 2 are calculated based upon the image information from the first 
camera 20 and the second camera 21, and the calculated results are stored. 
[0067] Fig, 4D shows the state wherein the suction head 2 is retracted to one side 
from the mounting position. Fig. 4E shows the state wherein the stage 1 1 is inserted 
to the mounting position, i.e., the position where the board B on the stage 1 1 can be 
detected by the first camera 20, and the reference mark 14 on the back of the stage 1 1 
can be detected by the second camera 21 . At this position, the first camera 20 detects 
the board B (alignment mark Bl), and the second camera 21 detects the stage 
reference mark 14. Subsequently, the position (attitude) of the board B and the 
relative position (attitude) between the board B and the stage 1 1 are calculated based 
upon the image information from the first camera 20 and the second camera 21, and 
the calculated results are stored. At this time, correction is performed for the position 
of the board B so that the position of the board B matches the position of the electronic 
part P obtained in the state shown in Fig. 4C. 

[0068] Note that the focal distances of the first camera 20 and the second camera 
21 shown in the state in Fig. 4E are different from the focal distances at the time of 
detecting the calibration mark 6 (see Fig. 4A), respectively, and accordingly, both the 
cameras 20 and 21 preferably have autofocus functions so as to clearly detect the 
alignment mark Bl and the stage reference mark 14. 
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[0069] Fig. 4F shows mounting processing, wherein the suction head 2 is moved 
to the same position as in the state shown in Fig. 4C while keeping the stage 1 1 at the 
same position as in Fig. 4E, and the electronic part P is mounted on the board B. 
[0070] In the event that following detection of the position of the electronic part P 
as shown in Fig. 4C, the cameras are moved to one side from the mounting position as 
shown in Fig. 4D, and furthermore, the cameras are returned to the mounting position 
as shown in Fig. 4F, the electronic part P might not be able to be returned to the 
mounting position shown in Fig. 4C with suitable repeatability depending upon 
precision of the driving mechanisms 7, 8, and 9. Furthermore, the field of view of the 
second camera 21 is interrupted by the stage 1 1, and accordingly, the second camera 
21 cannot directly detect the electronic part P. Accordingly, in the mounting 
processing, the first camera 20 detects the head reference mark 5, and the suction head 
2 is moved in the X and Y directions so that the position of the electronic part P 
matches that shown in Fig. 4C based upon the relative positional data calculated in 
processing shown in Fig. 4C. The stage 1 1 is kept at the same position shown in Fig. 
4E. That is the position of the stage 1 1 at the time of mounting is not offset from that 
shown in Fig. 4E, and accordingly, correction should be performed for only the 
position of the electronic part P. Note that in the event that offset occurs in the 0 
direction, the stage 1 1 should be moved in the 9 direction. As described above, 
precise positioning can be performed for the electronic part P and the board B, and 
accordingly, mounting can be made with high precision, thereby enabling high- 
precision products to be manufactured. 

[0071] Figs. 5A through 5F show another example of the operation of the above- 
described mounting apparatus. Fig. 5A shows calibration processing for the first 
camera 20 and the second camera 21, wherein a calibration mark 19 is provided to the 
stage 1 1 . Accordingly, the first camera 20 and the second camera 21 are moved to the 
mounting position, the tip of the stage 1 1 is inserted between the camera 20 and the 
camera 21, and both the cameras 20 and 21 take images of the calibration mark 19 
provided to the stage 11 so as to detect any offset of the optical axes of the cameras 20 
and 21. Fig. 5B shows the state wherein the stage 1 1 is moved to the mounting 
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position. Here, the first camera 20 takes an image of the board B (alignment mark Bl) 
held on the stage 11, and the second camera 21 takes an image of the reference mark 
14 provided on the lower face of the stage 1 1 . The position of the board B and the 
relative position between the board B and the stage 1 1 are calculated based upon the 
image information from the first camera 20 and the second camera 21, and the 
calculated results are stored. Fig. 5C shows the state wherein, immediately following 
the stage 1 1 being moved to one side from the mounting position, the suction head 2 is 
moved to the mounting position. Fig. 5D shows the state of the suction head 2 being 
moved downwards to the mounting level, wherein the first camera 20 detects the head 
reference mark 5, and the second camera 21 detects the electronic part P (alignment 
mark PI), at the mounting position. That is to say, the position of the electronic part P 
and the relative position between the electronic part P and the suction head 2 are 
calculated based upon the image information from the first camera 20 and the second 
camera 21, and the calculated results are stored. 

[0072] Note that, at this time, the focal distances of the first camera 20 and the 
second camera 21 are different from those at the time of detecting the calibration mark 
19, and accordingly, the first camera 20 and the second camera 21 preferably have 
autofocus functions in order to clearly detect the head reference mark 5 and the 
alignment mark P 1 . 

[0073] Fig. 5E shows the state wherein the suction head 2 is moved upward from 
the mounting level, and the stage 1 1 is moved to the mounting position. Here, the 
stage 1 1 is moved in the X, Y, and 9 directions so that the position of the board B 
matches the position of the electronic part P shown in Fig. 5D based upon the 
positional information stored in processing shown in Fig. 5B. Fig. 5F shows mounting 
processing, wherein the suction head 2 is moved downwards so as to mount the 
electronic part P on the board B while keeping the stage 1 1 at the same position as in 
Fig. 5E. At this time, even in the event that the Z-axial driving mechanism 7 for the 
suction head 2 is moved without sufficient repeatability, the margin of error between 
the positions of the reference mark 5 in processing shown in Fig. 5D and Fig. 5F is 
detected, and furthermore, correction is performed in the X and Y directions based 
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upon the detected margin of error, whereby positioning with sufficient precision can 
be performed. Thus, precise positioning is performed for the electronic part P and the 
board B, thereby performing mounting with high precision. 
[0074] In the positioning process shown in Figs. 4A-4F and 5 A-5F, in a case of 
mounting with heating, deformation of the suction head 2 or the stage 1 1 may be 
caused due to thermal expansion during mounting. Accordingly, even in the event that 
precise positioning has been performed immediately before mounting, precise 
matching might not be able to be performed for the electronic part P and the board B 
at the point in time that mounting has ended. As a countermeasure for the above- 
described problem, a method described below can be employed in the mounting 
processing (see Fig. 4F or Fig. 5F). First of all, the first and second cameras 20 and 21 
detect the head reference mark 5 and the stage reference mark 14, respectively, and 
temporary positioning is performed for the suction head 2 and the stage 1 1 so that the 
position of the electronic part P matches the position of the board B based upon the 
above-described relative positional information. At this point in time, the electronic 
part P and the board B are only in soft contact with each other. Next, pressing is 
performed while heating one or both of the suction head 2 and the stage 1 1 (e.g., 
350°C for 5 seconds or more), and the first and second cameras 20 and 21 
continuously take images of the head reference mark 5 and the stage reference mark 
14 during pressing. During pressing, correction is performed for the suction head 2 
and the stage 1 1 with regard to the relative position therebetween so that the suction 
head 2 and the stage 1 1 are kept at the same relative position as with the above- 
described temporary mounting. Thus, even in the event that deviation of the electronic 
part P occurs, the deviation is detected by the cameras 20 and 21 in real time, thereby 
enabling precise mounting of the electronic part P to be performed. Note that, while 
description has been made regarding an arrangement wherein temporary mounting is 
performed with the electronic part P and the board B being in soft contact with each 
other, an arrangement may be made wherein temporary mounting is performed with 
the electronic part P and the board B not being in contact with each other, but with a 
small gap therebetween. 
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Second Embodiment 

[0075] Figs. 6 through 9 shows a mounting apparatus of a second embodiment of 
the present invention. The mounting apparatus of the present embodiment comprises a 
head unit 30, a stage unit 40, first and second optical systems 60 and 61, and a control 
device (not shown), in the same way as with the first embodiment. The head unit 30 is 
made up of a suction head 31 for suctioning the electronic part P, a driving mechanism 
32 for driving the suction head 31 in the X, Y, and Z directions, for example, and a 
bracket 33 for connecting the suction head 31 to the driving mechanism 32. The 
bracket 33 includes a pair of support walls 33a facing one another so as to define a 
hollow portion 33b therebetween, extending from one end to the other in the X-axial 
direction. A mirror portion 60c of the first optical system 60 is detachably inserted 
into the hollow portion 33b from the X-axial direction. 

[0076] As shown in Fig. 8, the suction head 3 1 comprises a base member 34, a 
transparent plate 35 formed of a transparent glass or the like, secured to the upper face 
of the base member 34, a tube member 36 formed of a heat insulating material and 
secured to the lower face of the base member 34, an attachment member 37 secured to 
the lower portion of the tube member 36, and a heater 38 mounted between the 
attachment member 37 and the tube member 36. The aforementioned base member 34 
is secured to the lower end portion of the support walls 33a with screws or the like. 
The attachment member 37 is preferably formed of a material with as excellent 
thermal conductivity as possible. 

[0077] The base member 34 includes a hole 34a at the center portion thereof in the 
form of a through hole formed in the vertical direction, communicating with an 
internal hole 36a of the tube member 36, wherein the holes 34a and 36a form a hollow 
portion 39. The upper face of the hollow portion 39 is closed by the transparent plate 
35. The base member 34 is connected to an air pipe 34b communicating with the 
hollow portion 39, wherein the air pipe 34b is connected to an unshown vacuum 
suction device, whereby an air suction path is formed. 

[0078] The heater 38 includes a through hole 38a at the center portion thereof, 
wherein the through hole 38a is fitted to a hub portion 37a protruding at the center 
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portion of the attachment member 37, and accordingly, the heater 38 is disposed in the 
shape of a concentric circle on the attachment member 37. A part-suction opening 37b 
is formed in the form of a through hole at the center portion of the hub portion 37a of 
the attachment member 37. The electronic part P is suctioned to the opening portion 
on the lower side of the part-suction opening 37b. 

[0079] As described above, the hollow portion 39 communicating with the part- 
suction opening 37b is formed behind the part-suction opening 37b of the suction head 
31, and the end of the hollow portion 39, opposite the part-suction opening 37b, is 
closed by the transparent plate 35. The bracket 33 for connecting the head 31 to the 
driving mechanism 32 includes the hollow portion 33b, wherein the part-suction 
opening 37b can be easily observed by the first optical system 60 inserted into the 
hollow portion 33b through the transparent plate 35. That is to say, the part-suction 
opening 37b can be employed as a head reference mark. Note that the opening 37bl 
(Fig. 9) on the upper side of the part-suction opening 37b is preferably formed in a 
directive shape such as a rectangle or the like for in addition detecting the offset in 
angle in the rotational direction, as shown in Fig. 9. 

[0080] The stage unit 40 comprises a stage 41 for suctioning and holding the board 
B, a driving mechanism for driving the stage 41 in the X, Y, and 8 directions, for 
example, and a bracket 43 for connecting the stage 41 to the driving mechanism 42. 
The stage 41 has a vertically-symmetrical configuration as to the suction head 31 and 
the bracket 43 has a vertically-symmetrical configuration as to the bracket 33, and 
accordingly, description regarding corresponding portions will be omitted. That is to 
say, reference numeral 43b denotes a hollow portion, 44 denotes a base member, 44b 
denotes an air pipe, 45 denotes a transparent plate, 46 denotes a tube member, 47 
denotes an attachment member, 47b denotes a part-suction opening, 48 denotes a 
heater, and 49 denotes a hollow portion. In this case, images of the part-suction 
opening 47b can be taken through transparent plate 45 by the second optical system 61 
inserted into the hollow portion 43b from the X-axial direction, and accordingly, the 
part-suction opening 47b can be used as a head reference mark, as well. 
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[0081] The first optical system 60 is mounted to a support portion 63 provided on 
an XY-axial driving mechanism 62 through a Zl -axial driving mechanism 64, the 
second optical system 61 is mounted to the aforementioned support portion 63 through 
a Z2-axial driving mechanism 65. The first optical system 60 comprises a camera 60a, 
a tube-shaped lens 60b extending in the X-axial direction, and a prism or mirror 60c 
mounted to the end of the lens 60b, wherein the mirror 60c is inserted into the hollow 
portion 33b of the bracket 33. With the above-described configuration, light from the 
part-suction opening 37b is reflected by the mirror 60c so that the camera 60a can take 
an image of the part-suction opening 37b through the lens 60b. The second optical 
system 61 comprises a camera 61a, a tube-shaped lens 61b extending in the X-axial 
direction, and a prism or mirror 61c, with the mirror 61c being inserted into the hollow 
portion 43b of the bracket 43, in the same way. Note that the mirrors 60c and 61c 
have small cross-sectional areas as compared to the hollow portions 33b and 43b, and 
accordingly, the mirrors 60c and 61c are mounted with some leeway of space in the X, 
Y, and Z directions. Accordingly, even in the event that the suction head 31 and the 
stage 41 are moved at the time of positional detection, mounting, or correction of the 
position, any interference between the bracket 33 and the mirror 60c, and between the 
bracket 43 and the mirror 61c, can be prevented. 

[0082] The first optical system 60 and the second optical system 61 are supported 
by the support portion 63 so that these optical systems face one another with aligned 
optical axes, and relative movement is not caused between these cameras in the X and 
Y directions. Furthermore, one of the part-suction openings 37b and 47b provided on 
the suction head 31 and the stage 41 may be used as a calibration mark in order to 
detect any offset of the optical axes of the first optical system 60 and the second 
optical system 61. Note that, in this case, there is the need to perform calibration with 
the electronic part P or the board B not being suctioned to the suction head 31 or the 
stage 41, as the case may be. Furthermore, the optical systems 60 and 61 can be 
integrally moved in the X and Y directions by the XY-axial driving mechanism 62 in 
order to handle processing for mounting multiple parts P on a large-sized board B. 
Furthermore, the first optical system 60 can be adjusted in the vertical direction by the 
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Zl-axial driving mechanism 64, and the second optical system 61 can be adjusted in 
the vertical direction by the Z2-axial driving mechanism 65, thereby enabling 
independent focus adjustment for the optical systems 60 and 61. 
[0083] The operation of the mounting apparatus of the above-described 
embodiment is generally the same as with the operation shown in Figs. 4A through 4F 
and Figs. 5A through 5F. Note that, in the event that the part-suction opening 37b of 
the suction head 31 or the part-suction opening 47b of the stage 41 is used for 
calibration, the suction head 31 or the stage 41 is inserted between the upper and lower 
optical systems 60 and 61 with the electronic part P or the board B not being suctioned 
so as to perform measurement of the offset of the optical axes. 
[0084] With the above-described embodiment, the part-suction openings 37b and 
47b are used as a head reference mark and a stage reference mark, respectively. The 
part- suction openings 37b and 47b are disposed at positions closest to the electronic 
part P and the board B, and accordingly, even in the event that some deformation of 
the suction head 31 or the stage 41 occurs, the relative positional offsets between the 
electronic part P and the suction head 3 1 and between the board B and the stage 41 are 
reduced to the minimal value. Furthermore, with the above-described embodiment, 
the part-suction opening serving as a reference mark can be observed through the 
transparent plate from the back of the head (or stage), and accordingly, precise 
position of the head (or stage) can be detected even during mounting, thereby enabling 
positioning with high precision. 

[0085] Furthermore, the suction head 3 1 and the stage 41 include the heaters 38 
and 48, respectively, and thus, the electronic part P can be mounted on the board B 
under heat and pressure during mounting processing. In this case, the heaters 38 and 
48 are disposed at positions extremely close to the part-suction openings 37b and 47b, 
respectively, and heat is transmitted to the electronic part P and the board B with 
optimal efficiency, thereby improving bonding performance. On the other hand, in the 
event of heating the head (or stage), distortion occurs in the image taken from the 
optical system due to wavering of the surrounding air, leading to the occurrence of a 
margin of error. However, with the present embodiment, the hollow portion 39 is 
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subjected to reduction of pressure by air suctioning from the air suctioning path, and 
accordingly, the density of air is reduced, whereby the wavering of the air is reduced. 
Thus, at the time of taking an image of the part-suction opening 37b through the 
transparent plate 35 and the hollow portion 39, the margin of error due to the wavering 
of air is reduced, thereby obtaining precise image data. 

[0086] Note that, while description has been made regarding the above-described 
arrangement wherein the mirror portions 60c and 61c provided to the first optical 
system 60 and the second optical system 61 are inserted into the hollow portions 33b 
and 43b, respectively, in a case in which small-sized cameras can be employed, an 
arrangement may be made wherein the lens units 60b and 61b, and the mirror units 
60c and 61c, are eliminated, and the cameras 60a and 61a are directly inserted into the 
hollow portions 33b and 43b, respectively. Furthermore, while description has been 
made regarding an arrangement wherein the suction head 3 1 and the stage 41 have a 
symmetrical configuration one to another with respect to the vertical direction, and the 
bracket 33 and the bracket 43 have a symmetrical configuration one to another with 
respect to the vertical direction, an arrangement may be made wherein any of the 
aforementioned components may have any arbitrary configuration according to the 
shape and the size of the first part (electronic part) P or the second part (board) B to be 
handled. 

[0087] With the present embodiment, a support member having a configuration 
wherein support is performed with a pair of support walls 33a as described in the 
present embodiment is employed as each of the brackets 33 and 43, and accordingly, 
the suction head 31 and the stage 41 can be supported with a support configuration at 
both ends so as to be connected to the driving mechanisms 32 and 42, respectively, 
whereby distortion of the suction head 31 and the stage 41 due to application of 
pressure during mounting can be prevented. Furthermore, the brackets 33 and 43 have 
hollow portions 33b and 43b, respectively, where the mirror portions 60c and 61c of 
the optical systems 60 and 61 can be detachably inserted, and thus, the head reference 
marks 37b and 47b can be easily observed during mounting. 
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Third Embodiment 

[0088] Figs. 10 and 1 1 illustrate a mounting apparatus of a third embodiment 
according to the present invention, wherein two optical systems have a single camera. 
The same components as in the second embodiment shown in Figs. 6 through 9 are 
denoted by the same reference numerals, and description thereof will be omitted. 
With the present embodiment, a camera 71, a lens 72, and mirrors (or prisms) 73 and 
74 for dividing the field of view of the camera 71 into halves in the vertical direction 
are disposed on a table 70 provided to the support portion 63 so as to be movable in 
the Z-axial direction. The optical axis of the camera 71 is bent upwards by the mirror 
73, and is bent downwards by two mirrors (or prisms) 76 and 77 provided in an upper 
optical system 75 which cannot be moved in the Z-axial direction, whereby the camera 
71 can take an image of the head reference mark 37b. On the other hand, the optical 
axis is bent downwards by the mirror 74 and then is bent upwards by two mirrors (or 
prisms) 79 and 80 provided in a lower optical system 78 which cannot be moved in the 
Z-axis direction, whereby the camera 71 can take an image of the stage reference mark 
47b. Thus, two optical systems can be formed with the single camera 71. 
[0089] Fig. 1 1 shows an image example taken by the camera 71 having above- 
described field of view. The upper-half image corresponds to the head reference mark 
37b, and the lower-half image corresponds to the stage reference mark 47b. The table 
70 is moved in the Z-axial direction so that the optical path lengths of the upper and 
lower optical systems match one another, and furthermore, the focus of the camera 71 
is adjusted by focusing in the Y-axial direction, whereby focusing can be performed 
for the images coming from the upper and the lower optical systems at the same time. 
Fourth Embodiment 

[0090] Figs. 12 and 13 illustrate a mounting device of a fourth embodiment 
according to the present invention. With the present embodiment, four cameras are 
employed in order to perform positioning in a short time. Description will be made 
below with reference to Figs. 12 and 13, while making a comparison with Figs. 1 and 
4, respectively. Note that the same components are denoted by the same reference 
numerals, and description thereof will be omitted. In Fig. 12, a first camera 81 and a 
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second camera 82 are held by a suitable positioning arrangement 83 so that these 
cameras face one another with aligned optical axes, and a third camera 84 and a fourth 
camera 85 are held by another positioning arrangement 86 so that these cameras face 
one another with aligned optical axes. For example, the first camera 81 is used for 
detecting the head reference mark 5, and the second camera 82 is used for detecting 
the electronic part P suctioned by the suction head 2. Furthermore, the third camera 
84 is used for detecting the board B held by the stage 1 1 and the head reference mark 
5, for example, and the fourth camera 85 is used for detecting the stage reference mark 
14. The relative positions between the first camera 81 and the second camera 82, and 
between the third camera 84 and the fourth camera 85, cannot be changed in the X and 
Y directions, although relative movement therebetween is possible in the focus 
direction. 

[0091] Description will be made regarding the operation of the above-described 
mounting apparatus with reference to Figs. 13 A through 13D. Fig. 13 A shows the 
calibration process, wherein the tip of the suction head 2 is inserted between the first 
camera 81 and the second camera 82, and both the cameras 81 and 82 take images of 
the calibration mark 6 provided to the suction head 2, whereby the offset of the optical 
axes of the cameras 81 and 82 is obtained. In the same way, the stage 1 1 is inserted 
between the third camera 84 and the fourth camera 85, and both the cameras 84 and 85 
take images of the calibration mark 19 provided to the stage 11, whereby the offset of 
the optical axes of the cameras 84 and 85 is obtained. Fig. 13B shows the state 
wherein the electronic part P suctioned to the suction head 2 is inserted between the 
cameras 81 and 82, and the board B held by the stage 1 1 is inserted between the 
cameras 84 and 85. In this situation, the relative position between the head reference 
mark 5 and the electronic part P is detected by the cameras 81 and 82, and the relative 
position between the board B and the stage reference mark 14 is detected by the 
cameras 84 and 85. Fig. 13C shows the state wherein the suction head 2 and the stage 
1 1 are moved so that positions of the electronic part P and the board B match one 
another. While description will be made regarding an arrangement wherein the 
suction head 2 is moved to a position between the third and fourth cameras 84 and 85 
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so that the third camera 84 detects the head reference mark 5, and so that the fourth 
camera 85 detects the stage reference mark 14, an arrangement may be made wherein 
the stage 1 1 is moved to a position between the first and second cameras 81 and 82 so 
that the first camera 81 detects the head reference mark 5, and so that the second 
camera 82 detects the stage reference mark 14. Fig. 13D shows the bonding process 
wherein bonding is performed while heating the electronic part P and the board B. 
[0092] An arrangement is preferably employed wherein the third and fourth 
cameras 84 and 85 continuously take images of the marks 5 and 14 so as to adjust the 
positioning of the suction head 2 or the stage 1 1 in real time so that deviation of the 
electronic part P from the board B due to heating does not occur. 
[0093] As described above, with the present embodiment, the four cameras 81, 82, 
83, and 84 are employed, and accordingly, one pair of cameras can take images of the 
components of the suction head 2 while the other pair of cameras take images of the 
components of the stage 11, thereby enabling positioning and mounting in a short 
time. 

[0094] Figs. 14 and 15 show examples of optical devices manufactured with the 
parts mounting method according to the present invention. With the present example, 
a VCSEL (Vertical Cavity Surface Emitting Laser) diode 90 (which will be referred to 
as an "LD" hereafter) is used as a first part, and an optical waveguide substrate 100 is 
used as a second part. As shown in Fig. 15, the LD 90 has an emission portion 91 at 
the center portion on the main face thereof, from which a generally-conical emitted 
light beam is cast. On the other hand, in the upper face of the optical waveguide 
substrate 100, light-introducing openings 101 are formed in the vertical direction at 
predetermined intervals, and waveguides 102 are formed inside the substrate 100 in 
the horizontal direction, orthogonal to the light-introducing openings 101. The LD 90 
is bonded onto the upper face of the optical waveguide substrate 100 with 
electroconductive bonding members (metal bonding member) 103 with the bottom up, 
and with the positions of the light-introducing opening 101 and the emission portion 
91 matching one another. The light emitted from the LD 90 is transmitted to an 
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unshown optical communication circuit from the light introducing openings 101 
through the waveguides 102. 

[0095] In a case in which bonding is to be performed for the above-described LDs 
90 and optical waveguide substrate 100 with precise position-matching, a mounting 
method according to the present invention is preferably employed. While description 
has been made regarding an arrangement in the first and second embodiment wherein 
alignment marks PI and Bl are each provided to the first part P and the second part B, 
with the third embodiment, the emission portion 91 of the LD 90 can be used as an 
alignment mark, and the light-introducing opening 101 of the optical waveguide 
substrate 100 can be used as an alignment mark, as well. Accordingly, there is no 
need to provide any specific alignment mark to the LD 90 or the optical waveguide 
substrate 100. In particular, with the LD 90, the position of the emission portion 91 is 
important. Note that, even in a case of providing a specific alignment mark at a 
position other than the emission portion, in the event that margin of error occurs 
between the alignment mark and the emission portion, precise mounting of the LD 90 
onto the optical waveguide substrate 100 cannot be performed. As described above, 
the emission portion 91 and the light-introducing opening 101 are used as alignment 
marks, and thus, not only are the mounting operations reduced, but also mounting can 
be performed with improved precision. 

[0096] While description has been made regarding an arrangement in the above- 
described embodiments wherein one electronic part P is mounted onto one board B, 
the present invention also can be applied to an arrangement wherein multiple 
electronic parts P are mounted onto one board B in the same way. Note that, in this 
case, it is preferable to provide respective alignment marks Bl to multiple mounting 
positions of the board B, and it is also preferable to provide multiple respective stage 
reference marks 14 to the corresponding positions on the stage 11. 
[0097] The present invention can be applied to various uses such as a chip 
mounter for mounting electronic devices such as semiconductor chips or the like onto 
a board, TAB bonder, flip-chip bonder, and the like. 
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[0098] The configuration of the parts-mounting apparatus according to the present 
invention is not restricted to any of the configurations shown in Figs. 1 throughl3. 
For example, an arbitrary configuration may be employed for carrying out the process 
according to the present invention. 

[0099] While description has been made regarding an arrangement according to 
the present invention wherein the first camera is disposed above the suction head, and 
the second camera is disposed below the stage, the present invention is not restricted 
to this arrangement, but rather, some of the portions for receiving light (e.g., lens, 
mirror, or the like) may be disposed above the suction head, and other portions for 
receiving light may be disposed below the stage, i.e., there is no need to dispose a pair 
of main camera units respectively above the suction head and below the stage. Thus, 
an arrangement may be made wherein light is cast onto a pair of main camera units 
disposed above, beside or below the suction head, or above, beside or below the stage, 
using multiple mirrors or prisms. 

[00100] Although the present invention has been described in relation to particular 
embodiments thereof, many other variations and modifications and other uses will 
become apparent to those skilled in the art. Therefore, the present invention is not 
limited by the specific disclosure herein. 



{00625664.1} 



-29- 



